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guardian  TheObserver
The Big Questions in Science: The

Quest to Solve the Great Unknowns

by Andre Deutsch

The 20 big questions in science

News US World | Sports | Comment Culture Business Money

From the nature of the universe (that's if there is only one) to the 1 What is the universe made of?
purpose of dreams, there are lots of things we still don't know — 2 How did life begin?
but we might do soon. A new book seeks some answers 3 Are we alone in the universe?

4 What makes us human?
5 What is consciousness?

16 What's at the bottom of the ocean?

Ninety-five per cent of the ocean is unexplored. What's down there? In
1960, Don Walsh and Jacques Piccard travelled seven miles down, to the
deepest part of the ocean, in search of answers. Their voyage pushed the
boundaries of human endeavour but gave them only a glimpse of life on
the seafloor. It's so difficult getting to the bottom of the ocean that for the
most part we have to resort to sending unmanned vehicles as scouts. The
discoveries we've made so far — from bizarre fish such as the barreleye,
with its transparent head, to a potential treatment for Alzheimer's made by
crustaceans — are a tiny fraction of the strange world hidden below the
waves.




Resolution
Benthiclmaging

Over 2,000 km towed in the
Gulf of Alaska and Bering Sea

System Specs

e 1600 x 1200 pixel Gigk Vision™ camera
¢ 6 xenon flashlamp strobes

e Gigabit Ethernet data telemetry

e armored fiber optic tow cable

e real-time monitoring/control

* 1 m-wide seafloor FOV

¢ 5 frames/sec, 40+ gigabytes/hr

* towing speeds 4+ knots

Over 5 million images collected
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CamSled System Components
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sled: 1605 Ib
computer module: 3153 Ib
winch/wire: 2663 |b
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obstacle avoidance sonar

fiber optic cable

Rochester A305382
9.98 mm dia (0.393”)

oil-filled junction box

5\(3 Cams/

éa High N

Resolution
Benthic Imaging

pitch/roll sensor

Perkin-Elmer
Excelitas
MVS 5002
strobe lights

Ryan

telemetry bottle

camera
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ADF&G Scallop Research

Underwater Imaging







1600 pixels |

~1.0m
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Captain Mark Hottman

RV Pandalus, Homer
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FV Arctic Hunter
commercial crab &
scallop fishing vessel

RV Resolution
ADF&G - Kodiak

11/6/2013



FV Provider, Kodiak
potential 2013 survey vessel




%, ADF&G CamSled player 6.4.35
File Edit Rate Options Bottom

arrowtooth flounder
basket star

blue king crab
chlamys scallop

crab unident.

eelpout unident.
Flatfish unident.
halibut

hermit crab unident.
king crab {red)
Metridium sp.

octopus unident.
orange sea pen
roundfish unident.
scallop unident.

sea anemone unident.
sea cucumber unident.
sea star unident.

sea urchin unident,
shrimp unident.

skate unident.
smooth stem sea whip
snail eggs

sponge unident,
sunflower sea star
swimming {orange) anemone
Tanner crab

uid region of interest
weathervane scallop
** Cancel *¥*




o ADF&G CamSled r i
File Edit Rate Sequence Bottom
v BMP image out
DNG image out
PNG image out
Use Output Path

CamSled software/database upgrades

e auto color and brightness correction

e light flattening and contrast adjustment

Auto Color Correct e measurement-capable zoom

Allow Dimming . e systematic subsampling playback

e sediment classification menu

e expanded species menu

oGPS server — lon/lat encoded inimage data

Display Redline

Enable Marks

Autobright 1
Autobright 2
Autobright 3
Autobright 4
Autobright 5

Autobright 6

Flatten disabled

Flatten light field 0.5
Flatten light field 0.7
Flatten light field 0.9
Flatten light field 1.0
Flatten light field 1.1
Flatten light field 1.2

Contrast disabled

Contrast enhance: 1.2
Contrast enhance: 1.4
Contrast enhance: 1.6
Contrast enhance: 1.8
Contrast enhance: 2.0
Contrast enhance: 2.2

Contrast enhance: 2.5

[1at: 57.611425 lon: -151.799227 depth: 127.2 15:00, C:00, :00, U3:00, U4 R : E :00, U9:



CamSled applications

e scallop stock assessment
crab fishery research
habitat mapping
benthic ecology/monitoring
effects of fishing

cooperative research with fishers

St. Lawrence Island
7/16/08 06:34:28
63.27°N 171.17° W

33m

-0.6 °C




Bering Sea 2008
RV Pandalus

High
Resolution

BenthicImaging

St. Lawrence Island
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North of St. Paul Island
7/12/08 16:41:28
57.43° N 170.55° W
71m 2.1 °C
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Bering Sea Trawl Station K24 Snow Crab

K24 trawl survey

K24 CamSled

2000000Q9P0000000CEI000




Kodiak Tanner Crab
Habitat Mapping Project
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Bering Sea

261 mi

A Tour Guide
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Image IBCAO
Image Landsat

Data SIO, NOAA, U.S. Navy, NGA, GEECO

Gulf of Alaska

Google earth

lat 57.281795° lon -166.185059° elev -199 ft

eye alt 1000.69 mi )
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KNE3 Semivariogram 250m bins
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KNE3 Semivariogram 1000 m bins

semivariance

T T T
2000 4000 6000

distance

Predicted

scallops/250 sqm

0.0000
3.5797
51607
6.3144
75190
£.5484

B 9.1%08

« 3.5797
= 5.1607
- 63144
- 7.5190
- 8.5484
- 5.1908

- 10.2563

KNE3
250 m

Predicted
scallopsf250 sqm

0.0000 - 2.9274
29274 - 4.0828
40828 - 6.0474
5.0474 - 76012
7.6012 - 5.9983

89983 - 10.1001

10,1001 -

B 10.2563 - 12.2668
W 122668 - 15.9420

W 159420 - 347389

11.3289 -
12,7076 -

15.0992 -

11.3289

127076

15.0992

24.0497 0 2000 4000 6000 m
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Chlamys sp. scallop
positions (jittered)

Metridium sp. locations
and habitat scores



Kayak Island Scallop Fishery

Area E Area D

g Lance Google'earth

| Data LDEO-Columbia, NSF, NOAA

Imagery Date: 4/9/2013  lat 59.767408° lon -144.333635° elev -323 ft eye alt 47.96 mi O



Survey biomass (Ib meat)

Lb scallop meats

Comparison of Kayak Island scallop observer program CPUE with dredge survey biomass estimates

West Kayak Island
Scallop Survey Biomass and Fishery CPUE

700,000 200
—— Dredge survey L 180
600,000 A biomass
) I 160
~—%— Fishery CPUE
500,000 1 I 140
400,000 - [ 420
I 100
300,000 L ea
200,000 - [ 60
I 40
100,000 1
I 20
0 T T T T T 0
1996 1999 2002 2005 2008 2011
Year
Kayak Island West Scalllop Harvest
30,000
25,000 A
20,000 A
15,000 4
10,000 A
5,000
0 4
(2] o - N [se] < [Te) © ~ [e) [=2] o - N
e Q9 o Qo Qo o 9 9 9o 9o o Jd 4 d
e} o o — N (e} < To) o ~ [eo) (2] o -
[ [<2] o o o o o o o o o o - -
(=] [<2] o o o o o o o o o o o o
— — N N N N N N N N N N N N
Season

2000 — 2008 Harvest 147,054 |Ib
2000 — 2008 Abiomass 589,676 Ib

Lb meat/dredge hr

Survey biomass (Ib meat)

Lb scallop meats
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East Kayak Island
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96 1999 2002 2005 2008 2011

Year

Kayak Island East Scalllop Harvest
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r 140

r 120

I 100

r 80

I 60

40

I 20

2004 — 2012 Harvest 136,054 Ib
2004 — 2012 Abiomass —506,529 Ib

Lb meat/dredge hr



Lb meat/dredge hr
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Chiniak Gully Nerth 201112
Daily CRUE vs. Cumulative Catch

Scallop fishery CPUE comparison
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Scallops/250 sqm
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Scallop Survey Density Comparison
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Off Cape St. Elias
6/28/08

59.708° N 144.732° W
79m 6.1 °C




Species interaction:

sunflower sea stars
Pycnopodia helianthoides
&
weathervane scallops
Patinopecten caurinus

Resolution
Benthic Imaging




. Species interaction:
- Giant Pacific octopus
¥ Enteroctopus dofleini
'~ weathervane sglallops

~ Patinopecten caurinus
TR EA -




Effects of fishing/dredge efficiency
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Effects of fishing/EFH/ACLs
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2006 Raw Data
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